Behavioral changes in the chronic phase of permanent occlusion of the right middle cerebral artery (MeA) in rats were investigated. One month after MeA occlusion, 23 rats were unable and 7 rats were able to solve a radial 8-arm maze task during a I-month period. Three months after occlusion, 19 MeA-occluded rats failed to solve the task successfully again during at least a I-month period (the cognitively impaired rats), and 11 MeA-occluded rats were able to solve it (the cognitively unimpaired rats). When a delay of 60 min was imposed for this task, five cognitively unimpaired rats failed to solve it. The locomotor activity of the cognitively impaired rats increased significantly 2 months after occlusion, and this Abbreviations used: ANOVA, analysis of variance; MeA, middle cerebral artery.
Permanent unilateral middle cerebral artery (MCA) occlusion in rats is widely used as a model of focal cerebral ischemia. In the acute phase, this model selectively causes infarction in the ipsilateral cerebral cortex and caudate nucleus-putamen com plex (Tamura et al., 1981; Iizuka et al., 1989) . Pre vious investigations have not observed any histo pathologic damage to the hippocampus following MCA occlusion, and it has been suggested that damage to the cerebral cortex or to the striatum might thus also involve a deficit of learning and memory in either the passive avoidance task (Ya-increase showed good correlation with spatial cognitive deficit. However, the mean time a rat spent at each arm remained unchanged among the cognitively impaired, un impaired, and sham-operated rats. There was no signifi cant difference in the ratio between the cognitively im paired and unimpaired rats for disturbed motor coordina tion. These results suggest that MeA occlusion is capable of producing long-term spatial cognitive disturbance in rats. In addition, this spatial cognitive deficit does not seem to be primarily due to hypermotility or a distur bance in motor coordination. Key Words: Focal cerebral ischemia-Memory-Locomotor activity-Motor coor dination-Rat. mamoto et al., 1988) , the Y-maze task (Wahl et al., 1992) , or the water maze task (Markgraf et al., 1992) .
On the other hand, in the chronic phase, follow ing infarction in the territory of the MCA, progres sive shrinkage occurs in the ipsilateral thalamus (Fujie et al., 1990) and the substantia nigra Iizuka et al., 1990) , which are both quite distant from the original lesion. The rats with single lesions of the caudate nucleus, neocortex, or thalamus showed cognitive deficits in the standard radial maze task, which later gradually disappeared (Kessler et al., 1982; Kolb et al., 1982; Cook and Kesner, 1988; Stokes and Best, 1988; Kesner et al., 1989; Packard et al., 1989) . However, it remains unclear as to whether recovery occurs from the deficits of learning and memory of focal cerebral ischemia. The aim of the present study was to observe the behavioral changes over a long period in the chronic phase of focal cerebral ischemia, while focusing on the degree of spatial cogmtlve deficit following MeA occlusion in the radial 8-arm maze task.
METHODS

Surgical preparation
This study was approved by the Animal Research Com mittee of the Teikyo University School of Medicine and Fukuoka University. The study was carried out using 46 male Sic Wistar rats (Shizuoka Lab. Animal Center, Shi Zll oka, Japan), aged 15-20 weeks and weighing 310-370 g. The rats were housed in group cages under 12: 12 h light:dark conditions and were given free access to food and water. Thirty-two rats were anesthetized with 2% halothane and the proximal portion of the right MCA was permanently occluded by a microsurgical technique that was modified from the original method developed by Tamura et al. (1981) for the purpose of chronic experi ments (Yamamoto et al. 1988) . The stem of the MCA was electrocauterized just medial to the olfactory tract and was cut to ensure a complete vascular occlusion. The eight animals whose MCAs were only exposed without occlusion served as the sham-operated group. The re maining six rats remained intact. Behavioral experiments were started I month later when the neurologic damage to the brain seemed to have stabilized.
The radial 8-arm maze task
The 1st session (acquisition). One month after occlu sion, the behavioral test was carried out with a standard radial 8-arm maze task described in detail elsewhere (Iwasaki et aI., 1992) . In short, maze adaptation was per formed once a day before the first session. Ten rats were allowed to explore the 8-arm maze only once for 10 min. Food pellets were randomly scattered over the entire maze surface. After adaptation, all rats were trained once a day for 30 consecutive days during which a single food pellet was placed in the food cup of the eight arms. For each trial, a rat was placed on the center platform facing a randomly selected arm and allowed to make arm choices until either all eight pellets had been eaten or 10 min had elapsed, whichever came first. Immediately after the trial, the rat was returned to its home cage and given its additional food for the day.
The initial entry of an arm was scored as a correct choice and reentry into an arm previously visited was scored as an error. The choice accuracy was then evalu ated according to two indices of maze performance: (a) the number of correct choices during the first eight choices and (b) the number of errors during a trial. The mean time an animal spent in an arm defined by the total session time divided by the number of arms entered (sec onds per entry) was considered to be the level of activity. The acquisition of spatial cognition was defined as the ability to reach at least seven different arms in the first eight choices and all eight within the first nine choices for three consecutive trials within a 30-day period, in accord with the previous report (Iwasaki et aI., 1992) .
During the training period, each rat was placed on a partial food deprivation schedule designed to maintain body weight at between 350 and 370 g. The body weight was checked before feeding and � 15 g of food pellets (Kyudo Co., CE-2) was provided each day. The rats had free access to water.
J Cereb Blood Flow Metab. Vol. 15, No.3. 1995 The 2nd session (reacquisition). After an interval of 1 month, all the rats were again tested with the radial 8-arm maze task once a day until they acquired spatial cogni tion. The rats that could not solve the standard radial arm maze task continued to perform this task until all the rats that could solve the task had finished the next session.
The 3rd session (retention of working memory). All the rats that could solve the standard radial arm maze task in the 2nd session were examined in the radial maze task after an imposed delay interval. Each rat was able to choose any of four different arms in the first four choices. Following the selection of these four arms, the rat was removed from the apparatus. At varying intervals the rat was returned to the maze and allowed to choose among all eight arms. Only those arms not previously visited contained food pellets; thus the rat was reinforced not to enter the previously visited sample i.e., nonmatching, set. The rats were tested once a day at intervals of 1, 5, 10, 20, or 60 min. Correct performance of this task was defined as the ability to reach at least three different arms in the first four choices and all four arms in the first five choices. To examine whether the longer delay intervals affected their performances, the delay interval was succes sively. prolonged from 1 to 60 min. All the rats were trained once a day until they could either perform this task with a delay interval of 60 min or until they still could not perform the task with the same delay over five con secutive trials.
To evaluate the degree of spatial cognitive deficit, the MCA-occluded rats were classified into three groups (ranging in grade from 1 to 3). Grade 1: the rats were able to solve both the standard radial arm maze task and the radial maze task imposed at a delayed interval. Grade 2: the rats were able to solve only the standard radial arm maze task. Grade 3: the rats were not able to solve the standard radial arm maze task.
General behavior
Just before the beginning and just after the finish of the 1st session, an open-field test, a rota-rod test, and a plank-walking test were performed to observe either the locomotor activity or motor coordination.
Open field test.
Hall's open-field apparatus (60 em bot tom diameter) was used (Hall, 1934) . The numbers across the line were measured for 3 min and designated as the locomotor activity.
Rota-rod test. The ability to walk on a rotating rod (5 em diameter, 5 rpm) was evaluated as to whether the rat could continue to walk on a rotating rod for> 1 min.
Plank-walking test. The ability to walk on the half round bridge or square bridge plank (2 em width, 50 em length, 40 em height) was classified into three grades (0-2), Grade 0 indicated the uninjured rats that could walk on both bridge planks. Grade I indicated the partially injured rats, the extent of damage of which was estimated to be between grades 0 and 2. Grade 2 indicated the severely injured rats that fell down from both bridge planks.
Statistics
The differences in both the number of correct choices and the total errors were evaluated by split plot analysis of variance (ANOVA) using GLM procedure of SAS. The statistical significance of the differences in the period to reach criterion was determined by the Dunn test. The statistical significance of the differences in body weight or locomotor activity was also determined by the Dunn test.
The statistical significance of the differences in motor co ordination was determined by the X2 test. In addition, Spearman's test was used to calculate the correlations.
RESULTS
The standard radial 8-arm maze task Two MCA-occluded rats died during the period of the behavioral experiments and were eliminated from the data. When the training period for the MCA-occluded rats was started at 1 month after MCA occlusion (the 1 st session), 23 rats failed to achieve 7 of 8 or 8 of 9 correct choices for three consecutive trials during an entire month. On the other hand, in addition to the intact and sham operated rats, the remaining seven MCA-occluded rats were able to achieve this criterion. Figure 1 shows the acquisition performance of the 1 st ses sion among the MCA-occluded, sham-operated, and intact rats. The number of correct choices in creased significantly over days (F29,1247 = 3.76; P < 0.001). An ANOV A on the number of correct choices confirmed a significant difference among FIG. 1. Acquisition performance of the radial a·arm maze task of MCA-occluded rats (the 1 st session). A: The mean number of correct choices within the first eight choices of arms of the radial arm maze. B: The mean number of errors made in order to successfully complete all eight choices in the maze. The data are expressed as means ± SD. The num· ber of rats in each group was as follows: n = 30 for the MCA-occluded rats; n = a for the sham-operated rats; n = 6 for the intact rats.
the three groups (F2,86 = 31.80; P < 0.05). There were no significant differences in the number of cor rect choices between the sham-operated and intact rats. The MCA-occluded rats showed less accuracy on maze performance than the sham-operated rats (FI,37 = 142.83, P = 0.053). There were no signif icant group x days interaction in the number of correct choices. The number of errors decreased over days (F29 1247 = 1.41; p = 0.073). An ANOVA on the total nu�ber of errors confirmed a significant difference among the three groups (F2•86 = 107.78; p < 0.01). There were no significant differences in the errors between the sham-operated and the intact rats. The MCA-occluded rats made more errors than either the sham-operated (FI,37 = 114.64; P = 0.059) or the intact rats (F l ,3 S = 107.78; P = 0.053). There were no significant group x days interaction in the errors. After a I-month interval, all the rats were re trained (the 2�d session). Nineteen MCA-occluded rats were not able to acquire spatial cognition (the cognitively impaired rats), whereas 11 MCA occluded rats were able to acquire spatial cognition (the cognitively unimpaired rats). In this study, 19 cognitively impaired rats were only from the 23 rats that failed to perform the 1st session. Figure 2 shows the acquisition performance of the 1 st ses sion among the MCA-occluded cognitively im paired, unimpaired, and sham-operated rats. The number of correct choices increased significantly over days (F29 1 0 73 = 15.12; P < 0.001). An ANOV A on the ' number of correct choices con firmed a significant difference among these three groups (F2,74 = 10.45; P < 0.05). The cognitively impaired rats showed less accuracy on maze per formance than either sham-operated (FI,26 = 20.94; p < 0.01) or cognitively unimpaired rats (FI,29 = 12.05; p < 0.01). An ANOVA revealed a significant group x days interaction in the number of correct choices between the sham-operated and the cogni tively unimpaired rats (F29,526 = 1.66; P < 0.05). The number of errors decreased significantly over days (F29 10 73 = 4.95; P < 0.001). An ANOVA on the total �umber of errors confirmed a significant difference among these three groups (F2,74 = 11.04; p < 0.001), The cognitively impaired rats made more errors than either the sham-operated (FI,26 = 15.81; p < 0.01) or the cognitively unimpaired rats (FI,29 = 11.88; P < 0.01). There were no significant group x days interactions in the errors.
All the intact and sham-operated rats were able to solve the radial maze task in which a delay of 60min was imposed. Only six cognitively unimpaired rats were able to do this task perfectly and required a longer period to reach criterion than the intact or The mean number of errors made in order to successfully com plete all eight choices in the maze. The data are expressed as means ± SD. The number of rats in each group was as fol lows: n = 19 for the cognitively impaired rats; n = 11 for the cognitively unimpaired rats; n = a for the sham-operated rats.
sham-operated rats did (Fig. 3) . On the other hand, five cognitively unimpaired rats could not reach cri terion, but they were able to enter all eight arms within the first eight choices at any time when they continued the task without an interval. As shown in Fig. 3 , the MCA-occluded rats reached criterion more slowly than the intact rats in the 1st session (p < 0.01). Similarly, the cognitively unimpaired rats required a longer period to reach criterion than either the sham-operated or intact rats in the 2nd session (p < 0.01). The period to reach criterion became shorter because of repeated training of the sham-operated and intact rats (p < 0.01), but this was not the case for the MCA occluded cognitively unimpaired rats. When the four cognitively unimpaired rats, which reached cri terion for the first time in the 2nd session, were J Cereb Blood Flow Metab. Vol. 15, No.3. 1995 eliminated from the data, this period was still not shortened even by repeated training.
Body weight
The body weight of the MCA-occluded rats at 1 month after MCA occlusion was significantly less than either the sham-operated or intact rats (p < 0.01). The body weight of the MCA-occluded rats at 2 months after MCA occlusion was also signifi cantly less than these two groups (p < 0.05), but the body weight of the MCA-occluded rats at 3 months after MCA occlusion was significantly less than only the intact rats. There was no significant differ ence in the body weight between the sham-operated and intact rats. As shown in Fig. 4 , the body weight of the cognitively impaired and unimpaired rats at 1 month after MCA occlusion was significantly less than the sham operated rats (p < 0.01 and p < 0.05, respectively). The body weight of the cognitively impaired rats at 3 months after MCA occlusion was significantly less than the sham-operated rats (p < 0.05). However, there was no significant differ ence in the body weight between the cognitively impaired and unimpaired rats. The Spearman rank order correlation coefficient of the paired compari sons between the degree of the spatial cognitive def icit and the body weight at either I, 2, or 3 months after MCA occlusion was -0.025 (p > 0.1), -0.375 (p < 0.05), and -0.232 (p > 0.05), respectively.
Locomotor activity
As shown in Fig. 5 , the total amount of locomotor activity during a 3-min period was about the same for the intact, sham-operated, and cognitively unim paired rats just before the 1st session, i.e., 1 month after MCA occlusion. In the cognitively impaired rats, the total amount of locomotor activity at the end of the 1st session, i.e., 2 months after MCA occlusion, showed a significant increase compared with that of the intact, sham-operated, or cogni tively unimpaired rats. In contrast, the level of ac tivity at about 2 months after MCA occlusion did not change. The level of activity at the end of the 1 st session in the cognitively impaired, cognitively un impaired, sham-operated, and intact rats was 11.8 ± 10.4 s, 10.4 ± 3.6 s, 10.1 ± 6.5 s, and 8.6 ± 3.2 s, respectively. The Spearman rank-order correlation coefficient of the paired comparisons between the degree of the spatial cognitive deficit and the loco motor activity either 1 or 2 months after MCA oc clusion was 0.195 (p > 0.1) and 0.575 (p < 0.01), respectively.
Motor coordination
As shown in Fig. 6 , motor coordination was only disturbed in the MCA-occluded rats. The distur bance of motor coordination evaluated by either the rota-rod test or the plank-walking test did not show any significant difference between either the cogni tively impaired or unimpaired rats.
DISCUSSION
The septohippocampal cholinergic system is gen erally considered to be the main center of the mem-ory process and lesions located therein can produce a severe deficit of spatial cognition in the radial 8-arm maze task (Olton et aI., 1978; Crutcher et aI., 1983; Ikegami et aI., 1989; Jarrard, 1993) . In the present study, about two thirds of the MCA occluded rats (the cognitively impaired rats) Changes in locomotor activity either 1 or 2 months after MCA occlusion. Each column and bar represents means ± SO. The number of rats in each group was as follows: n = 19 for the cognitively impaired rats; n = 11 for the cognitively unimpaired rats; n = 8 for the sham-operated rats. Any dif ference from the data of the sham-operated rats is indicated as "p < 0.01 . The difference from the data of the cognitively impaired rats is indicated as tp < 0.05, ttp < 0.05. B: Level of activity. The data are expressed as means ± SO. The num ber of rats in each group was as follows: n = 19 for the cognitively impaired rats; n = 11 for the cognitively unim paired rats; n = 8 for the sham-operated rats. The mean time an animal spent at one arm is defined as the total session time divided by the number of arms entered (seconds per entry) at the end of the 1 sl session, i.e., 2 months after MCA occlusion. C: Scatter plots of correlations between degree of spatial learning deficit and locomotor activity either 1 or 2 months after MCA occlusion in rats. The spatial cognitive deficit of the MCA-occluded rats was classified into three grades (ranging from 1 to 3). Grade 1: the rats were able to solve both the standard radial arm maze task and the radial maze task in which a delay interval was imposed. Grade 2: the rats were able to solve only the standard radial arm maze task. Grade 3: the rats were not able to solve the standard radial arm maze task. The Spearman correlation coefficients showing the relation between spatial cognitive deficit and locomotor activity at either 1 or 2 months after MCA occlu sion were 0. 195 (p < 0.01) and 0.575 (p < 0.01), respectively. FIG. 6. Changes in motor coordination at 1 or 2 months after MCA occlusion. A: Rota-rod test. B: Plank-walking test. The data are expressed as the percentage of damaged rats in the total animal population. The number of rats in each group was as follows: n = 19 for cognitively impaired rats; n = 11 for the cognitively unimpaired rats. The ability to perform the plank-walking test was classified into three grades (0-2) as described in Methods.
showed a severe long-term spatial cognitive impair ment in the radial 8-arm maze task. However, there was no evidence of any hippocampal damage al though the histologic study did not include fine mi croscopic observation of the neurons (Wahl et aI., 1992) . An impairment of the radial arm maze per formance following medial septal lesions usually disappears within 3 weeks if the cholinergic dener vation is not perfect (Crutcher et aI., 1983) . On the other hand, Volpe et al. (1992) demonstrated that damage to the hippocampus can cause a profound and permanent memory failure. Because the septo hippocampal cholinergic nerves may not be so greatly affected as a result of MCA occlusion, the hippocampal function damage of the cognitively im paired rats seems to be insufficient to cause any independent long-term spatial learning deficit. Of course, the possibility cannot be ruled out that a dysfunction of the hippocampal neurons might oc cur without any detectable histologic alterations. Further investigations are thus required to confirm this speculation. It has been proposed that the hippocampus, amygdala, and dorsal striatum all make different contributions to normal learning and memory and that in any learning situation, each of these systems may act simultaneously and in parallel to acquire different types of information (McDonald and White, 1993) . Permanent unilateral MCA occlusion in rats causes infarction of the ipsilateral caudate nUcleus-putamen complex and cerebral cortex in the territory of the MCA (Tamura et aI., 1981; Ii zuka et aI., 1989) . Following infarction in the terri tory of the MCA, progressive shrinkage has been observed to occur in the substantia nigra (Tamura et aI., 1990; Iizuka et aI., 1990) and the ipsilateral thal amus (Fujie et al., 1990) . Thus, we can speculate that the impairment of spatial cognition folIc wing permanent MCA occlusion might be mainly due to neuronal lesions in these brain areas.
The rats with frontal or parietal cortex lesions did not have impaired acquisition of the standard radial maze task but have been shown to have impaired short-term memory on the radial arm maze (Kolb et aI., 1983) . Decorticated rats should demonstrate a severe impairment in the acquisition of the radial maze task but they nevertheless eventually per formed at the level of the intact rats (Kesner et aI., 1989) . Therefore, rats can eventually solve the stan dard radial maze task even though they have no neocortex. Packard et al. (1989) observed that rats with cau date lesions did not show any impaired performance in the standard radial maze task used in the typical win-shift paradigm, although several studies have demonstrated that caudate lesions do cause an im pairment in certain paradigms of the radial arm maze (Cook and Kesner, 1988; Colombo et aI., 1989; Packard et aI., 1989) . The rats with lesions of the mediodorsal nucleus of the thalamus did not show impairment of the radial arm maze task (Kessler et al., 1982; Stokes and Best, 1988) . The rats with single lesions of the caudate nucleus, neo cortex, or thalamus showed cognitive deficits in the standard radial maze task and gradually recovered as the day went on. The long-term cognitive deficit observed following MCA occlusion may be the re sult of a disturbance in the neuronal network rather than lesion of a specific brain region.
In the present study, about one third of the MCA occluded rats (the cognitively unimpaired rats) could solve the standard radial maze task, but they required a longer period to reach criterion than the intact rats. In addition, the period to reach criterion did not become shorter even after repeated training in the cognitively unimpaired rats. These findings suggest that if the task becomes more difficult, some of the cognitively unimpaired rats may not be able to perform successfully. Therefore, the radial maze task, in which a delay interval was imposed, was designed to identify a delay-dependent deficit in working memory, a process of updating informa tion on a trial-by-trial basis. As a result of this study, five cognitively unimpaired rats failed to solve the radial maze task in which a delay interval of 60 min was imposed.
It has been reported that a disruption of hippo campal function impairs performance in many types of working memory tasks, i.e., tasks that require memory for trial-dependent information and tempo ral content (Chrobak et aI., 1988; Volpe et aI., 1989; Knowlton et aI., 1989; Aggelton et aI., 1992; Jack son-Smith et aI., 1993 , Rawlins et aI., 1993 . Be cause this memory deficit was associated with a 50% loss of hippocampal choline acetyltransferase activity (Chrobak et aI., 1988) , it seems that the dysfunction of the septohippocampal neurons in the MCA-occluded rats could not independently cause a working memory deficit. Similarly, the lesions in the medial prefrontal cortex, nucleus accumbens, anterior thalamic nuclei, and nucleus basalis that receive fornical input from the hippocampus, are able to produce delay-dependent deficit of spatial working memory (Aggelton et aI., 1992) . The dis turbance of working memory deficit as observed in cognitively unimpaired rats might be due to neuro nal lesions in these brain areas. Kataoka et ai. (1991) reported that a functional disturbance of the cholinergic pathway between the frontal cortex and the nucleus basalis of Meynert occurs after MCA occlusion. There is a possibility that in some of the cognitively unimpaired rats in this study, functional disturbance of the frontal cortex results.
In the present study, there was no significant dif ference in the locomotor activity among the cogni tively impaired, cognitively unimpaired, and sham operated rats 1 month after MCA occlusion, whereas a significant increase in locomotor activi ties was observed only in the cognitively impaired rats 2 months after MCA occlusion. Consistent with this data is the finding that without any definite neu ronal injury during the acute phase of focal isch emia, progressive shrinkage occurs in the ipsilateral thalamus (Fujie et aI., 1990) . It has been reported that an increase in locomotor activity was observed after thalamus lesions (Stokes and Best, 1988; Deyo and Panksepp, 1990) . The increase in locomotor ac tivity of the cognitively impaired rats may be the result of progressive shrinkage of the thalamus. Damage to the septohippocampal cholinergic sys tem generally increases the extent of novelty induced motility (Gaspar et aI., 1991) . The possibil ity cannot be ruled out that a dysfunction of the septohippocampal neurons may be involved in the increase in locomotor activity of the cognitively im paired rats.
The degree of spatial cognitive deficit correlated well with locomotor activity. A possible explana tion is that changes in motor system regulation con sequent upon MCA occlusion may interfere with task acquisition. These motor effects may include decreased ability to inhibit responses, a tendency to turn in stereotyped directions, or both. A break down in response inhibition or a general increase in activity may thus lead to increased response in the maze and entry into incorrect arms, and, thus, in crease in the number of errors (Stokes and Best, 1988; Deyo and Panksepp, 1990 ). An alternative ex planation is that this increment may be due to a deficit that delays the ability to habituate or spa tially map rather than to hyperactivity. A 5-min bi lateral caroid occlusion in the gerbil also produced a large increase i n locomotor activity that persisted for several days (Mileson and Schwartz, 1991; Bab cock et aI., 1993) . Volpe et ai. (1989) reported that ischemic rats do not have motor abnormalities al though ischemic rats, in general, explored the radial arm maze as quickly as controls. It has been sug gested that this increase after transient ischemia ap pears to represent a memory deficit in spatial map ping or a lack of habituation rather than hyperac tivity. Moreover, in the present study, the mean levels of activity at the 30th day of acquisition did not differ among the cognitively impaired, cogni tively unimpaired, or the sham-operated rats. It still remains unclear as to whether a motor disorder is involved in the disturbance of the spatial cognition of the MCA-occluded rats or whether it results from a disturbance of spatial cognition.
The body weight significantly decreased after MCA occlusion but this decrease gradually recov ered and no significant difference was observed be tween the MCA-occluded and sham-operated rats at 3 months after MCA occlusion. Although there was a slight correlation between the degree of spa tial cognitive deficit and body weight at only 2 months after MCA occlusion, there was no signifi cant difference in body weight between the cogni tively impaired and unimpaired rats at only 1, 2, and 3 months after MCA occlusion. In addition, no re lation was observed between disturbance of motor coordination and degree of spatial cognitive deficit. From these results, long-term spatial cognitive def icit following MCA occlusion does not appear to be caused by either a decrease in body weight or a disturbance in motor coordination. This finding is consistent with the observation of Markgraf et ai. (1992) .
In conclusion, MCA occlusion is considered to be capable of producing long-term spatial cognitive disturbance in rats. Moreover, this spatial cognitive deficit does not seem to be primarily due to either hypermotility or a disturbance in motor coordina tion.
